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GENERAL INTRODUCTION 
The damage caused by corn rootworms (Coleoptera, Chrysomeiidae) 
results in extensive losses to corn each year in South Dakota. Thou­
sands of dollars are spent each year for the control of these insects. 
Kantack (1965} reported during 1963 appr�.ximately 496,000 acres of 
corn were severely damaged by corn rootworms in South Dakota. In 
1964 corn rootworm infestation increased causing an estimated three 
million dollars in damage (Kantack, 1965). At present, serious 
infestations occur in·major corn growing regions of southeastern and 
western South Dakota. 
Three species of corn rootworms are found in South Dakota: 
the westei:-n corn rootworm, Diabrotica virgifera Leconte; the northern 
corn rootwonn, Diabrotica longicornis (Say); and the southern corn 
rootworm, Diabrotica·undecimpuctata howardi Barber. In the state, 
the western and northern species cause the majority of the rootwonn 
damage. Prior to 1961 the northern corn rootworm was the predominant 
species found in South Dakota. The western corn rootworm was not as 
corn.�on but had been present in the state for many years. Adult 
western specimens were collected from Jones Co. in 1922 and from 
Butte Co. in 1930 (Kantack, 1965). 
The western and no thern species can damage corn in various 
ways. The larvae feed on the root system, eating the young rootlets 
and tunneling into later developing root stages. Extensive corn 
damage can result ith hea� corn rootworm infestations. This 
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weakens plants and often causes severe lodging and yield reductions. 
Further injury is caused by adult beetles which emerge from the �oil 
in late July. Adult corn rootworms feed on various parts of the 
corn plants including the �ilks and tassels. Pollination may be 
affected resulting in poorly filled ears where heavy adult popu­
lations occur. Additional damage is caused by beetles feeding on 
the k rnels at the tip of the ear. 
The western and midwestern corn growing areas of the United 
States are subject to corn rootworm damage. Hill et al. (1948) 
stated that Charles Riley (1880) first recognized the northern corn 
rootworm as injurious to corn. Serious northern corn rootworm 
damage in Illinois during 1880 and 1881 was reported by Thomas and 
French (1881, 1882). During this period, crop rotation was recom­
mended as a control measure. 
The western corn rootworm was first noted as a pest in 
Colorado by Gillette (1912). Larvae were found attacking and killing 
sweet corn plants. Gillette noted that the western species was 
known in New Mexico, Arizona and in the vicinity of Sonora, Mexico. 
Tate and Bare (1946) stated the western corn rootworm was first 
observed in Nebraska during 1929 and 1930. Bryson et al. (1953) 
reported western corn rootworm damage in Kansas during 1945. At 
present, t·he weste corn root,.;orm is recorded from the following 
states: Arizona, Illinois, Io a, Kansas, Minnesota, Missouri, 
1.fontana, Nebraska, orth Dakota, South Dakota, Texas and Wisconsin 
(U. S. Dept. Agr. ,  1964). 
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In 1961, large populations of 1vestern corn roob orm were noted 
in southeastern South Dakota. Reporting on this problem, Kantack, 
, r 
(1965) stated t1·m chlorinated hydrocarbon insecticides, aldrin and 
heptachlor, as soil treatme!1ts failed to control the western corn 
rootworm in Lincoln Co. During 1962 severe corn rootwonn damage was 
reported in the southern counties bordering Nebraska (Kantack, 1965). 
LD50 tests conducted at the Northern Grain Insect Research Laboratory, 
Brookings, South Dakota revealed that western corn rootworm beetles 
from these areas-were resistant to aldrin and heptachlor (Howe et al. , 
1963). Resistant weste·rn corn rootworm populations gradually spread 
to surrounding counties causing extensive damage. Since conventional 
chlorinated hydrocarbon soil treatments were no longer effective, 
new insecticides were needed to control this insect. 
Studies were initiated in 1964 to test various new organo­
phosphorous and carbamate insecticides for corn rootworm control. 
The objective of these studies was to determine which soil treatments 
were most effective in controlling corn rootwonns under South Dakota 
conditions. 
LITERATURE REVIE'W 
History of Corn Root .-:orm Control 
Prior to 1946 the only method of controlling corn rootworm 
infestations was crop rotation. Reporting on this method, Hill et 
al. ( 1948) . stated that Forbes in 1894 recommended rotations for 
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preventing northern corn rootworm injury in Illinois. Chittenden in 
1905 and Webster in 1912 recommended crop rotations; however, both 
noted control failures where corn rootworm adults moved from corn 
to other crops. Because the western and northern species had similar 
life cycles, Gillette (1912) recommended rotations as a control 
measure for western corn rootwor1ns. Bigger (1932) failed to obtain 
northern corn rootworm control in a three-year rotation study where 
corn was grown two years in succession. Control was obtained in the 
three-year system using corn, oats, and red clover· as three alter­
nating crops. 
In Nebraska during 1946, Hill et al. ( 1948) first demonstrated 
the use of soil insecticides for controlling corn rootworm infestations. 
Effective reduction of root damage and lodging, caused predominantly 
by western corn rootwonns, was obtained using 0. 5 to 2.0 pounds 
lindane (garn.�a isomer of benzene hexachloride) per acre as pre-
plowing broe.dcast spra s. Results indicated that DDT was not 
effective using 5 and 10 pounds per acre. Muma et al. (1949) con­
ducted further insecl,icide efficiency control tests in Nebras a 
during 1948 using lindane and two additional chemicals, rotenone 
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and toxaphene. Lindane applied as 1.0 and 2.0 pound rates per acre 
gave corn rootworm control for at least two seasons. Toxaphene applied 
at 2.0 and 4.0 pound rates per acre did not effectively control corn 
rootworm infestations. Yield increases following insec·ticide · control 
seemed to be q�pendent upon soil fertility as expressed in available 
nitrogen. Cox and Lilly (1953) during 1951 tested aldrin, chlordane, 
lindane, dieldrin and heptachlor as broadcast sprays or starter 
fertilizer mixtures for controlling northern corn rootworms. Reduced 
larval populations and lodging was obtained using 1.0 pound of aldrin, 
dieldrin or chlordane mixed as wettable powders in fertilizer. Good 
control was also obtained using 0.75 pounds per acre of lindane, 
dieldrin, and chlordane as broadcast sprays; and aldrin, chlordane, 
dieldrin and heptachlor respectively, at the rate of 8 ounces per 
acre applied as band sprays. Lilly (1954) controlled the northern 
corn rootworm in Iowa during 1953 using 0.5 pound heptachlor, 0.6 
pound aldrj_n and 0.8 pound chlordane per acre in starter fertilizer. 
In the same study, an effective reduction of corn rootworms and 
lodging �ras obtained using 1.0 pound of aldrin, endrin, heptachlor 
-· 
and lindane applied as pre-plowing broadcast sprays. Significant 
yield increases ·were noted in treated plots as compared to untreated 
plots. 
BurYJ1ardt (1954) conducted tests during 1953 on the western 
corn rootworrn using reduced dosages ·of four chemicals incorporated 
jn starter fertilizer. Lindane, heptachlor and aldrin at 0.25 and 
O. 5 pound rates per acre reduced corn rocb·IOrrn populations. Chlordane 
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at the 0. 5 and 1.0 pound rates was also effective. Treatment yield 
differences were not significant from yields in the control. Bigger 
and Blanchard (1955) during 1953 and 1954 controlled the northern 
corn rootworm in Illinois using aldrin and heptachlor at 1.0 pound 
per acre. Ball (1956) obtained effective control in Nebraska during 
1954 using aldrin, heptachlor and lindane at the rate of 0.5 pound 
per acre broadcast. Apple (1957) in 1954 and 1955 controlled the 
northern corn rootworm in Wisconsin with aldrin and heptachlor 
(1.0 pound per acre), chlordane (1.67 pounds per acre), lindane 
(0.3 pounds per acre), and endrin (0.5  and 0.75 pounds per acre) 
applied as broadcast treatments. Chlordane ( 1.0 pound per acre), 
aldrin and heptachlor (0.5 pound per acre) in starter fertilizer gave 
effective control. Broadcast applications were made using emulsion 
sprays and insecticide impregnated clay granules. Although lindane 
gave good control, it was not recommended for usage in Wisconsin 
because of its tendency to reiilain in the soil and produce off-flavors 
in subsequent crops. 
Corn Rootworm Resistance --
The use of chlorinated hydrocarbon insecticides remained the 
moet effective method of corn rootworm control until 1959. Re-
sist nee to c1lorina ed h drocarbon insecticide treatment in western 
corn root 10 Ll populations was first noted in central Nebraska during 
1959. Wee ian (1961) reported that throughout this area chei1lical 
control of the corn root1,'lonn had been practiced continuously for. ten 
7 
years and, therefore, insecticide resista1t insects might have 
evolved. Ball and 1·!eekr.lan (1962) stated that the problem continuep. 
and increased in e ras rn during 1960 and 1961. Corn rootworm . 
beetles ,rnre collected from _easvern and central Nebraska and dosage 
mortality studies and LD5o te_
sts 1·:ere conducted to determine the 
susceptibility of corn rootworms to aldrin and heptachlor. Ball 
and Yes . an reported that appro.riJ!l.ately 100 times as much aldrin 
and heptachlor was required to kill beetles from central Nebraska 
as compared to those from the eastern part of the state. 
Localized resistant corn root1rorm populations began to appear 
in other states. Localized resistant western corn rootworm popu­
lations were reported in South Dakota (Howe et al. , 1963), northern --
Kansas (Burkhardt, 1963) J and northwestern Missouri, western Iowa, 
and southwestern Minnesota (Hamilton, 1965). Resistant populations 
of northern corn rootworm were found in Illinois {Bigger, 1963), 
Ohio (Blair et al. , 1963), Minnesota and Iowa (Hamilton, 1965), and 
Wisconsin (Patel and _Apple, 1966) . Both of these chlorinated hydro­
carbon resistant species were quite susceptible to diazinon (Hamilton, 
1965). 
Insecticide control studies in areas where chlorinated hydro­
carbon resistance was a problem indicated that certain of the 
organophosphorous insecticides gave effective corn rootworm control. 
In Nebraska, two compounds, phorate and diazinon, were shown by 
Weekman and Lawson (1963) to give control of the western corn root­
worm when applied as granular formulations in a-narrow band at 
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planting tL�e. Peters (1964) tested the performance of granular 
insecticides against resistant western corn rootworms in Iowa duri g 
1963. He found th ee organophosp orous ccmpounds, parathion, phorate, 
and dia.zinon gave effective-corn rootwcrm control. 
Corn Rootworm Control Tests 
Various field observations have been used for determining. 
efficacy of insecticide treatments for corn rootworm control. 
Gener�lly most control tests have involved one or more evaluating 
criteria to measure treatment effectiveness. These evaluating 
criteria include larval counts, corn root ratings, lodged plant 
data and corn yield estimates. 
Muma. et al. ( 1949) used larval counts, lodged plant data and 
yield estimates as evaluating criteria in control tests in Nebraska 
during 1948. Cox and Lilly (1953) and Lilly (1954) in various 
corn·rootworm control tests conducted in Iowa, also used larval 
counts, lodged plant data and yield estimates for evaluating 
insecticide control. Weekman (1962) in Nebraska during 1961 judged 
the performance of various insecticide treatments for corn rootworm 
control using a root rating technique in mid-July and lodging 
percen�ages in the plots at harvest. 
Peters (1963) stated that plant lodging and yield are the 
most remote criteria for measuring the-insect plant relationship, 
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but they are extensively used by those interested in promoting the 
economic advantages of corn rootworm control. In control studies, 
conducted in Iot·'a, Peters (1964) utilized root ratings and percent 
lodging criteria and found both were highly significant when 
correlated with yields. 
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METHODS AND MATERIALS 
Corn rootworm control studies were conducted for three summers 
(1964-1966) in South Dakota. Suitable test fields were located each 
year for the studies. Fields which had histories of corn rootworm 
damage were chosen. In 1964, three fields located in counties 
Hutchinson, McCook, and Yankton were used. Four fields located in 
counti ,s Charles Mix, Hutchinson, McCook and Yankton were used in 
the 1965 study •. In 1966, four fields were selected in countie•s 
Charles Mix, Lake, Lincoln and Yankton. 
Test plots in the fields were arranged in a randomized 
complete block design consisting of four replicates. The individual 
treatments and control areas in each replicate comprised four rows, 
ninety feet in length. The fields were planted using commercial 
four-row corn planters, equipped with fertilizer attachments, supplied 
by the farmer cooperators. In order to maintain consistency in the 
tests, the fields were planted at recommended planting rates with 
Sokota Hybrid dent seed corn. 
Nineteen various chemical treatments, involving eleven insecti-
cides, were selected for the 1964 control studies. Compounds and 
formulations used "'·ere: 
Aldrin plus parathion - hexa.chlorohexohydro-endo, exo-dimethano 
napthalene 10% plus 0,0-diet.hyl 0-p-nitrophenyl thiophosphate 
10%: granules 
· Bayer 2511}1 - O ,O-diethyl 0-p-(methylsulfinyl) phenyl 
phosphorodithioate: 10% granules 
Bayer 37289 - 0-ethyl 0-2,4,5-trichlorophenyl 
ethylphosphonothioate: 10% granules 
Compound 4072 - 2-chloro-1(2, 4-dichlorophenyl)vinyl diethyl 
phosphate: 8. 2% granules 
Diazinon - 0, 0-diethyl 0-(2-isopropyl-6-methyl-4-
. pyrimidinyl) phosphorothioate: 14% granules . . 
Ortho 5353 � m-(1-ethylpropyl) phenyl methylcarbamate 
mixture. (1-4) rith m-(1-methyl butyl) phenyl carbamate: 
10% granules 
Paratpion (Niran) - 0, 0-diethyl 0-p-nitrophenyl 
phosphorothioate: 10% granules 
Phorate (Thimet) - 0, 0-diethyl S-(e thylthiomethyl)phosphoro­
- dithioate: 10% granules 
. SD 9098 - 0-(2-chloro-1-(2, 5-dichlorophenyl)vinyl) 
0, 0-diethyl phosphorothioate: 10% granules 
Insecticide-Herbicide Combinations 
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Parathion (Niran) plus CDAA - 0,0-diethyl 0-p-nitrophenyl 
phosphorothioate 6% and 12% plus 2-chloro-N,N-diethylactamide 
6% and 8%: granules 
Parathion (Niran) plus CP 31393 - 0,0-diethyl 0-p-nitrophenyl 
phosphorothioate 6% plus 2-chloro-N-isopropyl acetanilide 
8%: granules 
The various treatments and rates used on the 1964 test plots 
were: Bayer 37289 10% granules, Ortho 5353 10% granules, and SD 
9098 10% granul€ls at O. 5 and 1.0 pounds actual insecticide per acre; 
parathion (Niran lCG), diazinon (Diazinon 14G), compound 4072 8. 2% 
granules and phorate (Th.:."'l'le t lCG) at 1. 0 pound actual insecticide 
per acre; aldrin plus p- rathion 10% granule s at 1. 0 pound of eac 
actual in e�ticide er acre; yer 25lkl 10% granules at 0. 5; 0.75, 
12 
and 1.0 pounds actual insecticide per acre; insecticide-herbicide 
combinations, Niran 12%-CDAA 16% granules, Niran 6%-CDAA 8% granules, 
and Niran 6%-CP 31393 8% granules at 1. 0 pound actual insecticide 
per acre; and diazinon-starter fertilizer mixture at 0. 45 and 0. 66 
pounds actual insecticide per acre . 
Twnety eight various treatments, involving 13 insecticides, 
were used for the 1965 control tests. Chemicals and formulations 
used in the test were : 
Bayer 39007 · _ 0-isopropoxyphenyl methylcarbamate :  5% granules 
Diazinon - 0,0-diethyl 0-(2-isopropyl-6-methyl-4-pyrimidinyl) 
phosphorothioate :  14% granules 
GC 6506 - di.methyl p-(methylthio)phenyl phosphate :  10% granules 
NIA 10242 - 2,3-dihydro-2,2-dimethyl-7-benzofuranyl methyl-
carbamate :  10% granules 
N-2790 - 0-ethyl �phenyl ethylphosphonodithioate :  10% granules 
Ortho 5353 - m-(1-ethylpropyl)phenyl methylcarbamate mixture 
(1-4) with m-(1-methylbutyl)phenyl methylcarbamate : 10% 
granules 
Parathion (Niran) 0,0-diethyl 0-p-nitrophenyl phosphoro­
thioate: 10% granules 
Parathion (Stathion) - 0,0-diethyl 0-p-nitrophenyl phos­
phorothioate : 10% granules 
Phorate (Thimet) - 0,0-diethyl S-(ethylthiomethyl) phos­
phorodithioate :  10% and 15% granules 
Aldrin plus parathion (Aldrex) - hexachlorohexohydro­
endo, exo-dim .thanonap thalene 10% plus 0,0-diethyl 0-p­
n trophe yl phos 1orothioate 10% : granu es 
Parathion plus heptachlor (Parahep) - 0 ,0-diethyl 0-p­
nitrop en 1 p. osphoro hio te  10% plus heptachloro-4, - _ 
7-.. ethanoindene 10% : granules 
Insecticide-Herbicide Combinations 
Niran-Ramrod - parathion 10% plus 2-chloro-tLisopropyl 
acetanilide 5%, 6 . 6% and 8. 3% :  granules 
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Niran-Randox - parathion 10% plus 2-chloro-N, N-diethyllactamide 
5%, 6. 6% and 8.3% :  granules 
Stauffer combination - iso octyl of 2,4-'dichloropheno.xy­
· acetic acid 3% plus S-ethyl dipropylthiocarbamate 5% plus 
parathion 8% plus aldrin 8% : granules 
The various treatments and rates used on the 1965 test plots 
were � aldrin plus parathion ( Aldrex 100) and parathion plus 
heptachlor ( Parahep 100) at 1.0 pound of each actual insecticide 
per acre in the various combinations; diazinon ( Diazinon 14G), 
parathion (Niran lCG, Niran-C lOG, and Niran-C 25G), and phorate 
(Thimet lOG) at 1.0 pound actual insecticide per acre; GC 6506 10% 
granules at 0.5 poun� actual insecticide per acre; phorate (Thi.met 
15G) at 0. 7 pound actual insecticide per acre; parathion ( Niran 100 
and Stathion 100) at 0. 8 pound actual insecticide per acre; NIA 
10242 10% granules and Ortho 5353 10% granules at O.  5 and 1 .0 pounds 
actual insecticide per acre; Bayer 39007 5% granules at 1 . 0  and 1 .5  
·pounds actual insecticide per acre ; parathion ( Niran 100) at 2. 0 
pounds actual insecticide per acre broadcast ; and insecticide­
herbicide combinations, Niran-Ra�rod ( 10% + 5% granules, 10% + 
6. 6% gr�nules, 10% + 8.3% granules),  Miran-Ra.ndox (10% + 5% gran es, 
10% + 6. 6% granules, 10% + 8 . 3% granules), and Stauffer combination 
at 1.0 pound actual parathion insecticide per acre. 
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Thirty five various chemical treatments, involving 24 insecti­
cides, were tested in the 1966 control t ests. Chemicals and formu­
lations used in  the test were: 
_Baygon - 0-isopropoJ<y-phenyl methyl carbamate: 5% granules 
Baygon 25141 - 0, 0-diethyl 0-p- (methylsulfinyl)phenyl 
phosphorothi oate :  10% granules 
Bux 10 - m-( 1-ethylpropyl) phenyl methylcarbarnate mixture 
(1-4) with m- ( 1-methylbutyl )phenyl methylcarbamate: 10% 
granules 
Carbaryl ( Sevin) - 1- napthyl methylcarban1ate: 20% granules 
CP 47114 - 0, 0-dirnethyl 0- ( 3-methyl-4- nitrophenyl) 
phosphorothioate: 10% granules 
Diazinon - 0, 0-diethyl 0- ( 2- isopropyl-h-methyl-6-pyrimidinyl) 
phosphorothioate: 14% gra n�les 
HOE 28 38 - tetraf'luorocyclobutyl hexachlorobicyclheptane : 
5% g ranules 
Hercules 9007 - 2-allyloxyphenyl N-methylcarbamate: 10% granules 
Hercules 9485  - Classifi ed as a carbamate: 10% granules, 
chemical name not available 
NIA 10242 - 2, 3-dihydro-2, 2-dimethyl-7-benzofuranyl methyl­
carbarnate: 10% granules 
N-2790 - 0-ethyl S-phenyl ethylphosphonodithioate : 10% granules 
Parathion ( Niran)  - 0, 0-diethyl 0-p-nitrophenyl phosphorothioate:  
lO;s granules 
Parathion ( Stathion) - · o ,O-diethyl 0-p-nit rophenyl phosphoro­
thioate : 1 0% granules 
Phorate (Thirnet) - 0, 0-diethyl S- ( ethylthiomethyl ) 
phosphorodithioate: 1 0% and 15% granules 
TD 3 94 - l-dodecyl-2, 5-climethylpyrollidi:ne: 20;s granules 
TD 503 2 - hexamethylditin : 5% eranules 
SD 8530 - 3 , 4 , 5-trimethylphenyl methylcarbamate: 10% granules 
Aldrin plus parathion (Aldrex) - hexachlorohexohydro­
endo,exo-dimethanonaphthalene 10% plus O,O-diethyl-0-
p-nitrophenyl phosphorothioate 10% : granules 
Chlordane plus parathion - octachloro-4, 7 methane tetrahydro­
indane 10% plus 0 ,0-diethyl 0-p-nitrophenyl phosphoro­
thioate 10% : granules 
Para�hion �lus heptachlor (Parahep) - O,O-diethyl-0-p­
nitrophenyl phosp orothioate 10% plus heptachloro-4,7-
methanoindene 10% : granules 
Insecticide-Herbicide Combinations 
Wallop - 0,0-diethyl 0-p-nitrophenyl phosphorothioate 10% 
and 20% plus 2-chloro-N-isopropyl acetanilide : granules 
Nir�n-Roundup A - 0,0-diethyl 0-p-nitrophenyl phosphoro­
thioate 10% plus 2-chloro-N-isopropyl and 2,4-dichloro­
. pheno.:xyacetic acid : granules 
R-1910; 2,4-D; 2790 - ethyl-N, N-diisobutylthiocarbamate 9%; 
2, 4-dichlorophenoxyacetic acid 3%; and 0-ethyl S-phenyl 
ethylphosphonodithioate 1. 25% : granules 
The various treatments and rates used on the 1966 test 
plots were : aldrin plus parathion (Aldrex 100), chlordane plus 
parathion 10% granules, and parathion plus heptachlor (Parahep 
15 
ioo) at 1.0 pound of each actual insecticide per acre in the various 
· combinations; CP 4711[,., 10% granules, disulfoton (Di-Syston 100), 
Hercules 9007 10% granules, Hercules 9485 10% granules, NIA 10242 
10% granules, parathion (Niran lOG, Niran 25 GD, Niran 25 GPD nd 
Stathion 100), phorate ('I'h:i.met 100 nd Thimet 15G), and TD 394 20% 
granules at 1.0 poun actual insecticide per acre; N-2790 10% grarr _es, 
TD 5032 5% granules and Baygon 5% granules at 0. 5 pound actual 
insecticide per acre ; SD 8 530 10:� granules at 0. 5 nd 0 . 75 poun s 
actual insecticide per acre; Bayer 25141 10% granules at 0.5 and 
1 . 0  pounds actual insecticide per acre; Bux 10 at 0. 75 and 1 .0 
pounds actual insecticide per acre; carbar.rl ( Sevin 200 and Sevin 
200 CGW-HC) at 2.0 pounds _actual insecticide per acre; HOE 2838 
16 
5% granules and ca:rba.ryl (Sevin 200) at 3.0 pounds actual insecticide 
per acre; ·insecticide-herbicide combinations; Niran-Roundup A 10% 
granules, R-1910; 2, 4-D; 2790, Wallop 10% granules, Wallop-N 10% 
granules, Wallop 20D at 1.0 pound actual insecticide per acre; and 
dis�lfoton (Di-Syston)-fertilizer mixture at 1 . 0  pound actual 
insecticide per acre. 
The efficacy of the various treatments and the degree of 
rootworm damage in the test plots were determined during the 
summer by four main criteria . The tests used were larval counts, 
tensiometer tests, lodging counts and corn yield estimates taken 
at harvest . Data obtained in the tests were evaluated by Duncan ' ·s 
New Multiple Range Test at the 95% level of confidence (LeClerg, 
Leonard, and Clark, 1962) . 
f 
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PROCEDURES 
Ea.�h experimental area within the fields con sisted of 2 . 1  
acres. Prior to planting, the test plots were measured and staked. 
All three plots were planted at the rate of 14 ,000 plants per acre. 
Granular starter fertilizer (8-32-16) at 100 pounds per acre was 
applied to the fields during planting. The planting dates for 
the fields were: Hutchinson Co .,  May 11; Yankton Co ., May 20; and 
McCook Co., May 22, 1964. 
The diazinon-fertilizer treatments, containing the same 
fertilizer formulation as above, were applied separately following 
planting. The remaining treatments were applied to the plots using . 
a . Cyclone hand seed spreader (Fig. 1), adapted and modified with an 
adjustable metal shield to apply an eight- or eleven-inch band over 
the row. The insecticide-herbicide combination treatments were 
placed within an eleven-inch band to give the desired weed control; 
whereas, the other treatments were placed within an eight-inch band. 
The granules 1ere incorporated into the top inch of soil immediately 
after pplication using hand rakes. 
During early June, the test plots were exarrd.ned frequently 
to insure proper corn stands. 
complete stands were replanted 
Areas in the plots which had in­
sing hand planters. 
In July, larval counts were made from the two inner rows of 
each treatment and control rea of the four replicates. Twen · :  
Fig. 1. Cyclone hand seed spreader adapted and modi­
fied with adjustable metal s hield for 
granular band application 
18 
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single plants, five from each replicate, were randomly selected for 
these counts. This method provided a total of 400 plants for each 
test field. Soil and roots from an area 7 x 7 x 8 inches were taken 
with each plant sample. Samples were placed into paper bags, labeled 
and brought to the laboratory for examination . 
The soil was examined for corn rootworm larvae by sifting the 
soil through a screened box onto a sheet of black plastic ( Fig. 2). 
The shaker box measured 18 x 18 x 6 inches and had i-:-inch mesh hard­
ware cloth affixed to the bottom. This method aided in brealdng 
the large soil particles and in sighting the small rootworm larvae. 
The plant roots were washed in water and carefully examined for 
larvae. It was found that three workers could examine a total of 
60-70 samples per day using the above method. 
In August, tensiometer tests were conducted in the fields to 
determine root damage caused by corn rootworms. The tests involve 
measuring the pounds of pressure necessary to pull a single corn 
plant from the soil. This technique was originally used by the 
Northern Grain Insect Research Labor�tory at Brookings, South 
· Dakota ( Ortman and Fitzgerald, 1964), and proved to be a good 
indicator of root damage. Plants having da.-naged root systems 
required less pre""S1 re po .mds to be pulled frcm the soil as com a.red 
to health plants. 
e - i ,_ 1 ent used consists -of a sea e mounted on a lever 
which was then mounted on a. tripod for suppor as shovm in Fig • 3 • 
Fig. 2. Examination of soil for corn rootwonn larval 
counts 
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Fig. 3 .  Tensiometer test equipnent con­
sisting of tripod, scale, lever 
and steel electrician ' s  sock 
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A steel electrician' s  sock was hooked to the bottom of the scale 
and provided the means of attachment to the corn plant . 
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The corn plants to be tested were cut off near the base 
leaving about one and one�half feet of stalk above the ground. The 
steel sock was then placed over the stalk .and attached to the sc le 
(Fig . 4) . The mar..imum pressure, shown in pounds on the scale,  re­
quired to pull the roots from the soil was read and recorded .  
From the center two rows of each treatment five plants were 
selected at random, pulled and recorded . This was done in all 
replicates of the plots . In the test , a total of 1200 plants was 
pulled . 
During Sept mber , lodging counts were made from Hutchinson 
Co. and McCook Co . The plot in Yankton Co. showed no definite 
lodging because of l�ght rootworm infestation. Lodging counts 
were taken by walking the plot and counting lodged plants . Plants 
were considered lodged if they were leaning at an angle of 45° 
or more. 
A uniform harvest of the fields was made in October to 
dete line grain weight clds. From the b. o inner rows of each 
trea ment, a thirt -foot len th of row was han picked, shtlcked 
d weighed. E.ach se::nple was weighed separately to see if any real 
differences in weight x:tste within treatments. Corn se.mples were 
ta rnn t this time to determine moisture content. S ples \ ere dried 
to zero moisture nd fifteen percent added to the reights • Weight 
Fig. 4 .  Steel electrician ' s sock an d  scale attached to 
corn plant 
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figures obtained were converted to bushels per acre. This gave a 
normal and uniform harvest weight for each plot. 
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Each experimental area within the fields contained 3 . 1 acres . 
· The fields were planted at the following recommended rates: Charles 
Mix Co . ,  16,000 plants per acre; Hutchinson Co., 13,000 plants per 
acre; McCook Co., 14,000 plants per acre; and Yankton Co.> 16,000 
plants per acre. Starter fertilizer was applied to the fields at 
the following reco:mmended rates : Charles Mix Co., 4-10-10, 27 
gallons per acre; Hutchinson Co., 6-24-24 , 100 pounds per acre; 
McCook Co. , 27-14-0, 150 pounds per acre; and Yankton Co .,  27-14-0, 
200 pounds per acre. During June, an added nitrogen fertilizer, 
33 . 5-0-0, 100 pounds per acre, was side-dressed in the Hutchinson 
Co. plot. The planting dates for the fields were: Charles Mix Co., 
May 11; Yankton Co . ,  May 13 ; Hutchinson Co., May 14 ; and McCook Co . ,  
May 18, 1965 . 
After planting, the granular insecticide treatments �,ere 
applied to the p ots rrith the Cyclone granular applicator used in 
the 196h t sts .. Insecticides and insecticide-herbicide combination 
tr a ments were applied to a seven- and eleven-inch band raspective :y 
over the row . I e granul es were rruced into the top inc of soil 
immediately after applica ion using ha.nd raxes. Heavy rainfall during 
planting delayed insecticide a.pp · cation in the AcCoo .. Co. an Yankton 
Co .  plot s. 1 e insecticide a D ication cc�ple ion dates were : _ 
Charles Mix Co. , May 12; Hutchinson Co. , May 16 ; Yankton Co. , May 
17; and McCook Co. , May 26 , 1965. 
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Larval counts were made in Charles Mix Co. , McCook Co ·. ,  and 
Yankton Co. plots during July. Counts from Hutchinson Co. plot were 
not obtained because of adverse moisture conditions. Larval and 
pupal forms were counted from five plants in each treatment and un-
treated check in three replicates. This method provided a total of 
43 5 pl nts per test plot. Plants \·1ere dug from the plots in Yankton 
Co., July 7 ,  B ;  Charles Mix Co. , July 13 ; and McCook Co. , July 15, 
1965. 
Tensiometer tests  were made in the plots during August. 
Tests were made from three replicates in the Charles Mix Co. and 
Hutchinson Co. plots ;  and from four replicates in the McCook Co. 
and Yankton Co. plots . A total of 1575 plants was pulled for this 
test. Plants were pulled August 16 in McCook Co., August 19 in 
Hutchinson Co . , August 23 in Yankton Co . ,  and August 27 in Charles 
Mix Co. 
Lodging counts were taken dur�ng September. McCook Co. nd 
Ya.n tton Co . ,-1ere se for the determinations. Loqging in Charles 
Mix Co. and Hutchinson Co. plots was not used because of light corn 
root rorm infestations. 
A uniform harvest was made in October to determine grain 
weight yields. A forty-plant sample was hc>.nd pie ed , shucked, and 
weighed in each treatment. Twenty pla 1ts were pie ed in the fir t 
part of the treatment ... nd t'.·renty near the en· • Figures obtain�d were 
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converted into bushels per acre. Normal plot harvest figures were 
obtained by deterntlning moisture percents of corn samples. 
Each eJ-..."J)erimental area within the f�elds consisted of 4 .4  
acres . The fields were planted at the following recommended rates : 
Charles Mix Co., 20,000 plants per acre; Lake Co., 14,000 plants per 
acre ; Lincoln Co . , 16,500 plants per acre. Starter fertilizer, 10-20-
10, 100 pounds per acre, was applied to the plots during planting. 
The pla'l"l.ting dates were : Lincoln Co., May 7 ; Charles Mix Co . ,  May 
16 ; Yankton Co. , May 25 ; and Lake Co . ,  June 1, 1966. 
The disulfoton (Di-Syston)-fertilizer treatments, containing 
the same formulation as above, were applied separately at planting. 
The remaining treatments were applied with a John Deere llO Garden 
and La,m Tractor ( Fig. 5 )  equipped with a Noble granule box and 
applicator (Fig. 6 ) . The insecticides were applied in a seven-inch 
band over the row. The R-1910; 2, 4-D; N-2790 treatment was applied 
in a twelve-inch band. The treatment granules were raked into the 
· top inch of soil sh1g hand r .. es. The insecticide application 
completion dates were : Lincoln Co. , May 11; Charles Mix Co . ,  May 211 ; 
Yankton Co. , May 28 ; and Lake Co. , June 4, 1966 . 
Larval counts were made in July. Larvae were counted from 
five plants for each treatment in two replicates. T'nis mevhod 
proYided a total of ten plants per treatment and 360 plants per 
Fig. 5 .  J ohn Deere 110 Garden and Lawn Tractor used to 
apply treatments 
Fig. 6. Noble granule box and applicator 
used to apply granular treatments 
27 
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plot. inations rere conducted in the field using the previously 
explained techniques. 
'lensiometer tests were made during August. Three replicates 
were us d for the test, so that fifteen plants per treatment in 
each field were pulled . A total of 2160 plants was pulled in this 
test. Plants were pulled August 10 in Lake Co. , August 12 in 
Lincoln Co . ,  August 15 in Charles Mix Co., and August 17, 1966 in 
Yankton Co. 
Lodging .counts were obtained from Lincoln Co. and Yankton 
Co. during September. Counts were not made on the Lake C6. plot 
because of severe wind damage. The Charles Mix Co. plot showed no 
definite lodging because of light rootworm infestation, and the 
stalks were well supported by soil during ditching for irrigation. 
A uniform harvest was made in October. The Lake Co. plot 
was not used because of wind damage and drought. Grain weight 
yields \·1ere determined for the treatments utilizing methods used 
in 1965. 
RESULTS AND DISCUSSION 
It became evident
'
through the season that certain of the 
field t ests \-rnre more efficient than others in determining the 
efficacy of the various treatments .  Lodged plant data proved to 
be the most reliable method in deterntlning corn rootworm damage 
in the plots.  Larval counts were useful in assessing the corn 
rootworm population and control in treatments. Tensiometer test s  
and yield estimates  were found useful a s  supporting data for the 
other test s. Treatment control efficacy was based on all four 
test s  with emphasis on lodged plant data. 
Certain conditions arose during the surrnner that made some 
test results difficult to assess in the study. The Yankton Co. 
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plot was lightly infested with corn rootworrns as indicated by larval 
counts, t ensiometer test s and lodging counts .  The Hutchinson Co. 
plot had a high corn rootworm infestation but suffered severe drought 
during the growing season. These conditions made some field test 
results seem questionable. Test results from the Hutchinson Co. and 
Yankton Co . plots are shown in Appendix Tables 1 and 2. 
T'ne McCook Co. plot proved most favorable for t cstin0 purposes . 
The perfonnance of the treatnents based on the four field test s  are 
presented in Table 1. Based on the data collected from the kCook 
Co. plot , the treatI:"tents were categorized as to control efficiency. 
Table 1 .  Performance of insecticides applied to  the soil for control of corn rootworms on corn . 
McCook County, South Dakota . 1964 . 
Granular Insecticide Root worms Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
(%) (lb . )  (avg no . )➔� ( avg lb . )➔� (%)* (bu)-� 
Group 1 .  Reei stercd materials and untreated check 
Diazinon 14 1 .00 2 . 20bcd 292 . 75a 4.4ab 43. 75ab 
Compound 4072 8 . 2  1.00 1. 7 5bcd 240 . 25abc J .Oab 31 .lObc 
Parathion . ( Niran) 10 1 . 00 l . 90bcd 279 . 25a 0 . 6b 42 .06abc 
Phorate ( Thimet ) 10 1 .00 3 . 15abc 284 . 00a I 9. 4a 33 . 64.abc 
Untreated check 4 . 5 5a 175 . 75c 25 � 4  32.42abc 
Groun 2 . Unregistered materials 
Bayer 25141 10 . 50 l . 60bcd 283 . 50a 1. 2b 26. 99c 
Bayer 25141 10 . 75 0 . 90cd 304 . 75a J .Oab 45 . 69ab 
Bayer 25141 10 1 . 00 0 . 40d 276 . 50a 0 . 2b 43. 07ab 
Bayer 37289 10 . 50 l. 65bcd 255. 75ab 3 �0ab 33 . 49abc 
Dayer 37289 10 1.00 2 . 75abcd 248 . 50abc 3 .3ab 39 . 12abc 
Ortho 53 53 10 . 50 2 . 55abcd 271.00ab 2 . 9ab 33 . 56abc 
Ort.ho 53 53 10 1 . 00 2 . 16bcd 272 . 75ab 1.3b 37 . 23abc 
SD 9098 10 . 50 0 . 90cd 256 .00a 3 .0ab 30 . 40bc 
SD 9098 10 1.00 l . 90bcd 275. 75a 3.3ab 36. 93abc 
Group 3 .  Combination materials 
Aldrin plus parathion 10 1.00 + 1. 00 2 . 25bcd 241 . 75abc 0. 6b 42. 42ab 
Diazinon-fertilizer .45 l . 9 5bcd 248 . 50abc 8 . la 33 . 24abc 
Diazinon-fertilizer . 66 l .3 5bcd 193 . 00bc 15 . 9  36 .JJabc vJ 
0 
Table l continued. 
Granular Insecticide Rootworms Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
(%) (lb. ) (avg no. )-� (avg lb. )-* (%)�� · (bu)">� 
Group 4. Insecticide-herbicide materials 
Niran-CDAA 12 + 16 1. 00 3 . 45ab 255. 75ab 2. 9ab 45.llab 
Niran-CDAA 6 + 8 1.00 1. 00cd 291. 50a 0. 2b 47. 58a 
Niran-CP 31393 6 + 8 1. 00 l. 65bcd 281. 00a O.Ob 45. llab 
�}Duncan ' s  new multiple range test. Means which share a common letter were not significantly 
different at the 5% level. 
vJ 
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Two categories ,  excellent and good corn rootworm control Here used. 
� . 
This procedure was also used for the 1965 ,  1966 control studies�  
Treatments which gave excellent . control were : registered · 
chemicals, diazinon (Diazinon 14G} and parathion ( Niran 100) at 
1.0 pound actual insecticide per acre; unregist.ered cherrdca.ls, 
aldrin plus parathion 10% granules at 1.0 pound of each actual 
insecticide per acre , SD 9098 10% granules and Ortho 5353 10% granules 
at 0 . 5  and 1.0 pounds actual insecticide per acre; and insecticide­
herbicide combinations, Niran 12%-CDAA 16% granules, Niran 6%-CDAA 
8% granules, and Niran 6%-CP 31393 8% granules at · l. O pound actual 
insecticide per acre . 
Treatments that gave good control were : registered chemicals, 
phorate ( Thimet lOG ) and compound 4072 8 . 2% granules at 1 . 0  pound 
actual insecticide per acre . The diazinon-fertilizer treatments 
and Bayer 37289 10% granules at 0 . 5  pound per acre did not effectively 
control the corn rootworm. 
Larval and lodging data collected during the sU111�er from the 
· four corn rootworrn plots indicated that tw<? of the .fields, in Charles 
Mix Co . and Hutchinson Co . , had light corn rootworm infestations . 
Field data from these two . fields were not used for t:reatn:.ent evalu­
ations . The McCook Co . and Yankton Co .  plots proved most favorable 
for experimental purposes. The results of the field tests frora these 
two plots are presented in Tables 2 and 3 .  
Table 2 . Performance of insecticides applied to the soil for control of corn rootworms on corn. 
McCook County, South Dakota. 1965. 
Granul9-r Insecticide Rootworms Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
%) (lb. ) (avg no. )-;� ( avg lb. )➔� ( % )-�� (bu)➔� 
Group 1 .  Registered materials and untreated check 
Diazinon 14 1.00 3 . 66cde · 284. 50def 16.3a 80. 27b 
Parathion ( Niran) 10 . 80 3. 80cde 316. 75c-f 10.lab 81 .39b 
Parathion . ( Niran) 10 1.00 5. 20cde 360. 25a-e L 4c 89.0lab 
Parathion ( Niran-C) 10 1.00 4.06cde 314. 75c-f 3.8c 83 . 26ab 
Parathion ( Niran-C ) .)'_)(. 25 1. 00 4. 13cde 303. ooc-f 3 .8c 82.37b 
Parathion ( Niran) B" " 10 2.00 12. 73a 298. 25c-f 2. 6c 85. 74ab 
Parathion ( Stathion) 10 . 80 9. 66ab 328. 50b-f 3. 5c 80. 41b 
Phorate ( Thi.met ) 10 1. 00 3.40cde 341. 25a-f O. ?c 84.38ab 
Ph orate  ( Thim et ) 15 . 70 2. 26de 312. 50c-f 1. 7c 82.47b 
Untreated check 5. 20bcd 276. 75ef 13. 6a 85. 92ab 
Group 2. Registered combination material 
Aldrex 10 1. 00 + 1.00 J.OOde 306. 75c-f 2. 4c -81. 8lb 
Para.hep 10 1.00 + 1.00 4. 20cde . 344.00a-f 4.3ab 82.37b 
Group 3. Unregistered materials 
Bayer 39007 5 1.00 2. 80de 375. 50abc 2. 5c 84. 76ab 
Bayer 39007 5 1. 50 2. 06e 423 . 25a 2. 8c 85. 92ab . 
GC 6506 10 . 50 7. 46abc 260. 25f 17. la 82. ?0ab 
NIA 10242 - 10 . 50 4.86cde 370.00a-d 2. lc 86.90s3,b 
NIA 10242 10 1. 00 1. 46e 336.00a-f O. lc 86. 72ab 
W. 
Table 2 continued. 
Granular Insecticide Rootworms Pull Lodged Yi�ld 
Treatment formulation per acre . per plant per plant plants per acre 
(%) (lb. ) (avg no. )➔(- (avg lb. )* (%) -Y-- ( bu ) 1(-
Group 3. Unregistered materials continued 
N-2790 10 . 25 2. 73de 333.00b-f 1. 8c 86. 16ab 
. N-2790 10 . 50 2. 73de · 359 . 25a-e 1.0c 85. 27ab 
Ortho 53 53 10 . 50 3. 86cde 340 � 00a-f 3 . lc 88. 68ab 
Ortho 5353 10 1.00 2. 73de 382.00abc 1. 0c ' 81 .0?b 
Group I+. Insecticide-herbicide combinations 
Niran-Randox. 10 + 5 1 . 00 4. 53cde 326 .00b-f 2. 2c 89.94ab 
Niran-Randox 10 + 6. 6 1. 00 2.00e 365. 75a-d 1. 9c 89.0lab 
Niran-nandox 10 + 8 . 3  1.00 3. 86cde 352. 25a-e 2 .8c 93. 25ab 
Ni ran-Ramrod 10 + 5 1.00 4. 26cde 381. 50abc 2. 2c 86. 48ab 
Niran-Ramrod 10 + 6 . 6  1.00 4. 00cde 380. 50abc 2. lc 85. 75ab 
. Niran-Ramrod 10 + 8.3 1. 00 2. 86de 352. 25a-f 1 . 7c 89. 99ab 
Stauffer combination 3 + 5 + 8 + 8 1. 00 l.86e 404.00ab O.Oc 98.02a 
➔}Duncan ' s  new multiple range test. Means which share a common letter were not sighificantly 
different at the 5% level. 
·lH(-B .= broadcast application. 
w 
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Table 3. Performance of insecticides applied to the soil for control of corn rootworms on corn. 
Yankton County, South Dakota. 1965. 
Granular Insecticide 
Treatment formulation per acre 
(%) (lb. ) 
Group 1. Registered materials and untreated check 
Diazinon 14 1. 00 
Parathion ( Niran) 10 . 80 
Parathion ( Niran) 10 1.00 
Parathion ( Niran-C ) 10 1.00 
Parathion ( Niran-C ) 25 1.00 
Parathion ( Niran) B-�h'{- 10 2. 00 
Parathi.on ( Niran) p-�Hm 10 1.00 
Parathion ( Stathion) 10 . 80 
Phorat·e ( Thim et ) 10 1.00 
. Phorate ( Thimet ) 15 . 70 
Untreated check 
Group 2. Registered combination material 
Aldrex 10 1 . 00 + 1.00 
Parahep 10 1.00 + 1.00 
Group 3 .  Unregistered materials 
Bayer 39007 5 1.00 
Bayer 39007 5 1. 50 
GC 6506 10 . 50 
NIA 10242 10 . 50 
NlA 10242 10 1.00 
Rootworms 
per plant 
(avg no. )➔� 
. 26c  
. 26c 
. 13c 
. 26c 
. 06c 
. 26c 
0.00 
. 06c  
.40abc 
. 20c 
1 . 20a 
. 40abc 
.13 c , 
. 40abc 
o .oo 
l. 06ab 
. 53abc 
. 53abc 
Pull 
per plant 
( avg no. )-;c-
3 63 .  75ab 
395. 50ab 
L�l 7 .  50ab 
380. 00ab 
389. 00ab I 
415. 50ab 
370. 25ab 
397. 25ab 
4l3 . 50ab 
384. 75ab 
386.25ab 
415.25a 
422 . 50a 
3 59.00ab 
367.25ab 
366. ?5ab 
407. 50ab 
376. 50ab 
Lodged Yield 
plants per acre 
(%)➔r (bu)➔;-
20. 75ab 89.06a 
5 . 00bc 87 . Jla 
2 . 25c  88. 25a 
7. 75hc 86 . 21a 
4. 75bc 82 . 21a 
9.00bc 86 . 78a 
o . oo 85. 80a 
6. 00bc 83. 39a 
3. 50c 88. 65a 
ll. 50abc 85. lOa 
28. 75a 87.80a 
3. 50c 86 . 12a 
6.00bc 88.37a 
17 .00abc 86. 70a 
2.00c 89. 18a 
28.25a 82 .78a 
ll. 50abc 88. 5!7a 
1. 75c 88. 57a 
vJ 
\.Tl 
Table 3 continued. 
Granular Insecticide Rootworms Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
o1)  
JO (lb. ) ( avg no. )-r-- ( avg no. );� c�o?� (bu ) �f 
Group 3.  Unregistered materials continued 
N-2790 10 . 25 .40abc 405. 75ab 2. 50c 89 .J 5a 
N-2790 10 . 50 . 06c · J80. 50ab J. 75bc 87 .Jla 
Ortho 53 53 10 . 50 .80abc 383 . 75ab 8. 25bc 87. 27a 
Ortho 53 53 10 1.00 . 13 c  432. 75a 0. 25c - 87. 72a 
Group 4 .  Insecticide-herbicide combinations 
Niran-E,andox · 10 + 5 1.00 . 20c J66. 50ab 2. 75c  87.47a 
Niran-Randox 10 + 6 . 6  1.00 • 53abc /406. 75ab 4. 75bc 87 .Jla 
Niran-Randox 10 + 8.3 1.00 .06c  412. 50ab 3. 75bc 87. 76a 
Niran-R.amrod 10 + 5 1.00 . Obc 378. 50ab 6. 25bc 88.08a 
Ni ran-Ramrod 10 + 6 . 6 1.00 .JJbc Jh.O.OOb J.OOc 88.JJa 
. Niran-Ramrod 10 + 8.3 1. 00 . oo 392. 25ab J . ?5bc 87. 18a 
Stauffer combination 3 + 5 + 8 + 8 1.00 . 20c 426. 50a 2. 75c 99 . 63 
➔�Duncan 1 s new multiple range test. Means which share a comrnon letter were not significantly 
different at the 5% level. 
➔H:•B, = Broadcast application. 
➔HH� = Post planting application, June 11 , 1965. 
u) °' 
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Treatments which gave excellent corn rootworm control in the 
tests were : registered chemicals , aldrin plus parathion (Aldrex 
100), at 1.0 pound of each actual insecticide per acre, parathion 
(Niran 100 and Niran-C 25G) , at 1 . 0  pound actual insecticide per acre; 
unregistered chemicals ,  N-2790 10% granule_s at O. 25 and O. 5 pounds 
actual insecticide per acre, NIA 10242 10% granules and Ortho 5353 
10% granules at 1.0 pound actual insecticide per acre; insecticide­
herbicide combinations , Stauffer combination granules at 1.0 pound 
actual parathion insecticide per acre. 
Treatments which gave good corn rootworm control in the tests 
were: regis�ered chemicals ,  parathion (Niran 100 and Stathion 100) ,  
at 0. 8 pound actual insecticide per acre, parathion (Niran-C 100) ,  at 
1. 0 pound actual insecticide per acre , and parathion plus heptachlor 
(Parahep 100), at 1. 0 pound of each actual insecticide per acre; un­
register d chemicals, Ortho 5353 10% granules at 0. 5 pound actual 
insecticide per acre; insecticide-herbicide combination formulations 
Niran-Ramrod and Niran--Randox, at 1 .0  pound actual insecticide per 
acre. The emaining treatments in the tests  did not give effective 
corn rootworm control. 
Larval and lo ging data collected during the � er from the 
cor root 10rm plots sho red that the field in Charles Mix Co. ad a 
lig t corn rootworm infesva ion . The fiel in Lake Co . expericnc� 
drought ;ln severe ,...; d d...,r-1� ae durina Jn y · .-nd Au08.lst . ; ..1.- _i. c;.J tLCoo For t e s e  
reasons , these two fields were nov sed for evaluating treatments . 
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The Lincoln Co. and Yankton Co. plots proved most favorable for 
experimental p rposes . The field test results from these two plots 
are presented in Tables 4 and 5. 
Treatments which gave excellent corn rootworm control in the 
tests were : registered chemicals, Bux 10 at 0 . 75 and 1.0 pounds 
actual insecticide per acre, diazinon (Diazinon 14G)  and phorate 
(Thimet 100 and Thimet 15G)  at 1 .0 pound actual insecticide per acre; 
unregistered chemicals, N-2790 10% granules at 0 . 5  pound actual 
insecticide pe� acre, Bayer 25141 10% granules, Hercules 9007 10% 
-granules, NL\ 10242 10% granules and SD 8530 10% granules . at 1 .0 
pound actual insecticide per acre; insecticide-herbicide combination 
granules, R-1910; 2, 4-D; 2790 at 1 .0  pound actual insecticide per acre . 
Treatments which gave good corn rootworm control in the tests 
were: registered chemicals, disulfoton (Di-Syston 100) at 1 . 0  pound 
actual insecticide per acre, carbaryl (Sevin 200 and Sevin CGW-HC 
20G ) at 2. 0 pounds actual insecticide per acre, and carbaryl (Sevin 
200) ·at J .O pounds actual insecticide per acre; unregistered chemicals, 
ygon 5% granules n SD 8530 10% granules at 0. 5 pound actual in­
sec .i cide per acre . The remaining soil treatment.s did not effectively 
control corn. rootworms in the stu y. 
Table 4 .  Performance of insecticides applied to  the soil for control of corn rootworms on corn. 
Lincoln County, South Dakota. 1966. 
Granular Insecticide Rootwonns Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
(%) (lb . )  (avg no . ) ( avg lb . )�(- (%)-)� (bu)�-
Group 1 .  Registered materials and untreated check 
Baygon 5 . 50 19.0 - 161.66a-e 15. 9e-j 108 . 66a-e 
Bux 10 10 . 75 22 . 2  197 . 66a l. 3j lll . 9 5a-e 
Bux 10 10 1.00 18.1 190. 33abc 0.4j 112 .89a-e 
Carbaryl ( Sevin) 20 2 . 00 16. 3 i61 . 66a-e 5. lij 103. 97a-e 
Carbaryl ( Sevin) 20 3.00 24 . 9  159. 00a-e 3 . 8ij 102.33 cde 
Carbaryl ( Sevin CGW-HC )  20 2 . 00 27 . 6  155.00a-e 4.6ij 105 . 49a-e 
Diazinon 14 1.00 11. 4 170.00a-e 2. 6j 104 .09a-e 
Disulfoton ( Di-Syston) 10 1. 00 17 . 2  194 . 00ab 10 . 4g-j 108.89a-e 
Parathion ( Niran ) 10 1 .00 22 . 2  138. 66cde 37 .Jabc 101 . 6lcde 
PQrathion ( Niran GD) 25 1.00 24.4 173 . 33a-d 30 . 2a-e 104. 2la-e 
Parathion ( Niran GPD)  25 1 .00 26. 2 167.00a-e 33. la-d 98. lOe 
Parathion ( Stathion) 10 1. 00 25. 5 167.33a-e 2? .0a-e 103 . 50b-e 
· Phorate ( Thimet ) 10 1. 00 18 . 4  170 .00a-e 2. 5j 109 . 24a-e 
Phorate ( Thimet )  15 1.00 30.1  163 .33a-e 3 . 6ij 110 . 78a-e 
Untreated check 27. 2 126 . 66de 42. 6a 99. 27de 
Group 2. UnreP,istered materials 
Bayeon 25141 10 . 50 29 . 4  153.33a-e 8 , ?hij 110.08a-e 
Baygon 25141 10 1.00 21.3 176 .00a-d 5 . 0ij 107.84a-:-e 
CP 47114 10 1.00 22 . 0  16J. 66a-e 20. 9d-h 115.00a-d 
Hercules 9007 · 10 1.00 16. 9 199 . ooa 2 . 2j lll.13a-e 
Hercules 9485 10 1.00 25 . 2  156 . 33a-e ll . 5f-j 114.18a-e vJ 
'OE 2838 5 3 . 00 27 .0  155 . 66a-e 38 . labc 108 . 89a-e '° 
Table 4 continued. 
Granular Insecticide 
Treatment formulation per acre 
(%) (lb. ) 
Group 2. Unregistered materials continued 
N-2790 10 . 50 
NIA 10242 10 1.00 
SD 8 530 10 . 75 
SD 8530 10 1.00 
TD 394 20 1.00 
TD 5032 5 . 50 
Group 3. Combination materials 
Aldrex 10 1.00 + 1.00 
Chlordane-parathion 10 1.00 + 1.00 
Parahep 10 1.00 + 1.00 
Disulfoton-fertilizer 1.00 
Group 4. Insecticide-herbicide materials 
Niran-Roundup A 10 1.00 
Wallop 10 1.00 
Wallop-N 10 1 .00 
Wallop 20D 20 1.00 
R71910 ; 2 ,4-D ; 2790 10 1 .00 
Rootworms 
per plant 
(avg no. )� 
17 . 0  
8. 8 
18.4 
20. 2 
28 . 7  
28 . 7  
20. 7 
20 . 2  
21.0 
27.0 
27. 1  
26. 2 
25.0 
27. 8 
18 . 7  
Pull 
per plant 
(avg lb._)➔� 
18J. 66abc 
183 .66abc 
176.00a-d 
171. 66a-d 
118 .33e  
162.33a-e 
142.J3b-e 
139. 66cde 
175 . 66a-d 
142.00b-e 
149 .OOa-·e 
149.33a-e 
156.66a-e 
150.00a-e 
184.JJabc 
Lodged Yield 
plants per acre 
( %) ➔� ( bu ) -,� 
0. 5j 120. 40a-e 
o. 6j 114. 65a-e 
9.0hij 116.05abc 
2.0j lll.9 5a-e 
39. 8ab 103 . 97a-e 
34.8a-d 102. 22cde 
24.0c-g 106. 78a-e 
30 . 5a-e 102.33cde 
18. le-i 104 . 79a-e 
25. 6b-f 107.02a-e 
39  .Jab 110. 55a-e 
36. 8abc 107.25a-e 
41.9a 116. l?abc 
34.4a-d 109. 12a-e 
0 � 2j 119. 93ab 
➔tDuncan ' s new multiple range - test . 
different at the 5% level� 
Means which share a common letter were not significantly 
Table 5. Performance of insecticides applied to the soil for control of corn rootworms on corn. 
Yankton County, South Dakota. 1966. 
Treatment 
Granular 
formulation 
00 
Insecticide Rootworms 
per acre per plant 
(lb. ) (ave no. ) 
Group 1. Registered materials and untreated 
Raygon 
Bux 10 
Dux 10 
Carbaryl ( Sevin) 
Carbaryl ( Sevin) 
Carbaryl ( Sevin CGW-HC) 
Diazinon 
Disulfoton ( Di-Syston) 
Parathion ( Niran) 
Parathion ( Niran GD) 
Parathion ( Niran GPD) 
Parathion ( Stathion) 
- Phorate ( Thimet)  
Phorate ( Thimet ) 
Untreated check 
5 
10 
10 
20 
20 
20 
14 
10 
10 
25 
25 
10 
10 
15 
Group 2. Unregistered materials 
Paygon 25141 
B;tygon 251L4-l 
CP 47114 
· Hercules 9007 
Hercules 9485 
HOE 2838 
10 
10 
10 
10 
10 
5 
. 50 
.75  
1. 00 
2.00 
3.00 
2.00 
1.00 
1. 00 
1.00 
1. 00 
1.00 
1.00 
1. 00 
1.00 
. 50 
1.00 
1.00 
1 .00 
1. 00 
3.00 
4 . 5 
J . 7 
3.3 
7. 0 
7. 1 
4. 6 
3. 8 
8. 2 
8.9 
13 . 6  
4 . 7  
11 . 1  
6. 5 
6. 5 
7. 9 
4. 7  
3. 8 
7.0 
3.2  
4 . 5 
10. 5 
Pull 
per plant 
(avg lb . )* 
. 237 .OOabc 
203. 66bcd 
200. 00bcd 
214.33a-d 
182 .3Jcd 
205 .J3a-d 
230.00abc 
187.33cd 
206.00a-d 
168. 66d 
220. 66a-d 
198. 66bcd 
212.33a-d 
205. 66a-d 
215 . 00a-d . 
225. 66abc 
219. 00a-d 
201. 66bcd 
233 . 66abc 
237.00abc 
245.00ab 
Lodged 
plants 
(%)* 
l . 2fg 
3. lfg 
l.3fg . 
8. ld-g 
6 .3 efg 
6. 6efg 
4. 8efg 
8.0d-g 
14. 5a-f 
26.lab 
13. 8b-g 
27. 9a 
7 . 9d-g 
11.lc-g 
26. 8ab 
2. 5fg 
1.lfg 
6 . 5efg 
l. lfg 
2. 6fg 
4. 7efg 
Yield 
per acre 
( bu)-!� 
108. 8lab 
96. 62abc 
94.34bc 
100. 82abc 
108. 68abc 
97. 76abc 
103.49abc 
92. 57c 
96. 25abc 
97. 64abc 
100. 82abc 
98. 6 5abc 
92. 18c 
98. 65abc 
103 .lOabc 
107 . 79abc 
106. 53abc 
103. 6labc 
99 . 4labc 
101.07abc 
113. 52a � � 
Table 5 continued. 
Granular Insecticide Rootworrns Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per· acre 
00) (lb. ) (avg no. ) ( avg lb. )➔� (%)-� ( bu)➔� 
Croup 2. Unregistered materials continued 
N-2790 10 . 50 3. 3 231. 66abc l.5fg 102. 72abc 
NIA 10242 10 1.00 4.1 ·232.00abc 0.9fg 108.56abc 
SD 8530 10 . 75 4. 3 258. 66a o. 6fg lll. 99ab 
SD 8 530 10 1. 00 2. 1 206.00a-d O. Og , 110. 97ab 
TD 394 20 1.00 7. 2 229.00abc 8 .0d-g 106.0labc 
TD 5032 5 .50 5. 3 226.00abc l.5fg 110.85ab 
Group 3. Combination materials 
ldrex 10 1.00 + 1.00 7. 7 211. 66a-d 8. 6d-g 97. 26abc 
Chlordane-parathion 10 1. 00 + 1.00 7.5 196. 66bcd 22.5abc 95. 98abc 
Para.hep 10 1. 00 + 1.00 7. 3 188.00cd 18.0abc 101. 19abc 
Disulfoton-fertilizer 1.00 4. 8 230.33abc 6·. 9a-e 99. 29abc 
Group 4 .  Insecticide-herbicide materials 
Niran-Roundup A 10 1.00 9. 8 200. 33bcd 29.0a 91. 93c 
!allop 10 1.00 9. 2  171.00d 25. 4ab 98.9labc 
Wallop-N 10 1.00 6. 5 236. 33abc 21. 2a-d 102.0Babc 
Wallop 20D 20 1.00 8.0 198. 66bcd �6.Jab 99. 80abc 
R-1910 ; 2 , 4-D ; 2790 10 1. 00 2. 9 239. 66abc 0. 2fg 107. 04a�c 
*Duncan ' s  new multiple range test. Means which share a common letter were not significantly +:-
di fferent at the 5% level. l\) 
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CONCLUSIONS 
Results obtained from corn rootworm control studies conducted 
in South Dakota from 1964 through 1966 proved that many organo­
phosphorous and carbamate soil insecticides were effective in con-
· trolling chlorinated hydrocarbon resistant corn rootwonr1s . It was 
found that the performance of any one insecticide will vary from 
year to year in controlling corn rootworms. This can be explained 
by varying climatic conditions and corn rootworm hatching dates . 
Organophosphorous insecticides ,�1ich consistently gave 
significant corn rootworm control over the three-year study were: 
diazinon (Diazinon 14G), phorate (Thimet 100), Bayer 25141 10% 
granules, Bayer 37289 10% granules, N-2790 10% granules and SD 9098 
10% granules. Carbamate insecticides which consistently gave 
significant corn rootwonn control were: Bayer 39007 (Baygon 5%) , 
NIA 10242 10% granules, Ortho 5353 (Bux 10) 10% gran es, and SD 
8530 10% granules.. The significantly effective treatments were 
applied within seven or eight-inch bands over the row at planting 
time. 
Insecticide-starter fertilizer co�bination treatments were not 
effective in. controlling corn roo orms in two years of testing. 
These treatments were applied t :o inc ,es to the side �"1d two inches 
below the corn seed. This method of application ca ses improper 
placement of the insectici e for effective corn rootwo 1 control. 
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Insecticide-herbicide combination treatments tested during 
1964 and 1965 generally indicated some -increase in corn yields as 
compared to treatment s not containing herbicides. Although yield 
differen�es were not significantly different , it appears that the 
weed control obtained from the herbicide did influence yields . 
Yield increases were not noticeable in the 1966 study where the 
test fields were treated equally with herbicide to give the desired 
weed control . 
Further studies should be made concerning the influence of 
insecticide-herbicide combination treatments on yields . 
45 
LITERATURE CITED 
Apple, J .W. 1957 .  Reduced dosages of insecticides for corn root­
worm control. J. Econ. E..!toi ol. 50(1 ) : 28-30 . 
Ball, H.J. 1956 . Corn · ro,ot't·ro m control for sm f .ce-planted and 
listed corn . J .  Econ. Entomol. 49 ( 5) : 709-710 • 
---- • , and G . 11 • Wee <man. . 1962. Insecticide resistance in the 
adult western corn root\rorm in Nebraska . J .  Econ. Entomol . 
55 (4) : 439�Ml. 
Bigger, J . H. 1932 . Short rotation fails to prevent attack of 
Diabrotica longicornis Say. J. Econ. Entomol. 25( 2) : 
196-199. 
_____ . ,  and R .A.- Blanchard. 1955. Ecology and control of 
soil insects attacking corn in Illinois. J .  Econ . Entomol .  
48(3 ) : 255-260 • 
-----• 1963 . Corn rootworm resistance to chlorinated 
hydrocarbon insecticides in Illinois. J. Econ. Entomol. 
56 (1) : 118-119. 
Blair, B. D., C .A. Triplehorn, and G.W. Ware. 1963. Aldrin 
resistance in northern corn root, orm adults in Ohio. J. 
Econ . Entomol . 56( 6) : 894 . 
Bryson, H.R . ,  D.A. Wilbur, and C. C. Burkhardt. 1953. The western 
corn rootwonn, Diabrotica virgifera LeC . in Kansas . J. 
Econ. Entomol. 46(6) : 995-999. 
Burkhardt , C.C. 1954 . Chemical control of the western corn root­
worm in Kansas in 1953 . J. Econ. Entomol. 47(4) : 691-696 • 
• 1963. Corn rootworm resistance and damage in 
______ K __ a ____ n_s_a_s_- 1962. Proc. F.ntomol. Soc. Am . , North Central 
Branch, 18 : 82-83. 
Cox, H. C. , and J.H. Lilly. 19.53. Chemical control of the corn 
rootworm. J .  Econ. Entomol. 46( 2) : 217-224. 
Gillette, C.P. 1912. Diabrotica virg
ifera Lee. as a corn rootworm. 
J .  Econ � Entomol .  5(4) : 364-36 . 
French, G.H. 1882. Noxious and be efici 1 insects of Illinois. 
Ill. State Ent. Rept. 11 : 65-72. 
46 
Hamilton, E.W. 1965. Aldrin resistance in corn rootwonn beetles . 
J .  Econ . Entom 1-. 58( 2): 296-300. 
Hill, R. E. , E. Hixson, and M . H. i•1u.rn.a.  1948. Corn rootvmn control 
tests  with benzene he.xac loride, nnr, nitrogen fertilizers 
and crop rotations. J. Econ. Entomol. 4l(3 ):  392-401. 
Howe, W .L. ,  E. E. Ortman, and B.W. George . 1963. Observations of 
the northern and western corn rootworms in South Da ota. 
Proc . Entomol. Soc. Am·. , � orth Central Branch, 18: 83 • 
Kantack, B.H. 1965. Western corn rootworm in South Da.�ota. 
Proc . Entomol. Soc. Arn., North Central Branch, 20: 62-63. 
LeClerg, E .L., 1v.H. Leonard, and A.G. Clark. 1962. Field plot 
techniq"l.1e . Burgess blishing Company, Minneapolis 23 , 
Minnesota. 373p. 
Lilly, J . H. 
1953 . 
1954. Insecticidal control of the corn rootworm in 
J .  Econ . Entomol. 47( 4) :  651-658 . 
Muma, M. H . ,  R. E. Hill, and E. Hixson. 1949. Soil treatment ror 
corn rootworm control. J. Econ. Entomol. 42(5): 822-824 . 
Ortman, E.E. , and P . J. Fitzgerald. 1964. An evaluation of the 
performance of inbreds in the presence of a corn rootworm 
infestation . U. S .  Dept . Agr . ,  Grain and Forage Insects 
Research Branch. Special Report V-262. 40p. 
Patel, K .K . , and J .W. Apple . 1966. Chlorinated hydroca.ibon 
resistant northern corn rootworm in Wisconsin . J .  Econ. 
Entomol . 59(5): 522-525. 
Peters, D. C .  1963. Economic life histories of corn rootworms in the 
corn belt .. Proc . Entomol . Soc. Am. , North Central Branch, 
18: 79-81' • 
----- • 1964. Recent results of soil insecticide tests in Iowa. 
Proc_. Entomol. Soc. Am. , North Central Branch, 19: 95-97. 
Tate, H.D., and O . S. Ba.re. 1946 . Corn rootworms. Nebr. Agr. Expt. 
Stat. Bul. 381 . 
Thom.as, Cyrus. 1881. Noxious and beneficial insect s  of Illlnois . 
Ill . Sc.ate Ent . Rept. 10 : 44.:,.46. 
u. s .  Dept. Agr., Plant Pest Contr 1 Div. 1964. Cooperati�e 
economic insect report. 17(52): . 1094. 
47 
Wee an , G .  T .  1961 . P1 oblems in rooti':onn control . Proc . Entomol . · 
Soc . . • , !forth Central B anch , 16 : 32-33 . 
1962 . Corn 
P�oc. Entornol. Soc • 
oot,1::oun control re lts - 1961 . 
. ,  North Central Branc , 17 : 46-48 . 
------• , and D . E .  . t:;son . 1963 . Cham.cal control of root 
HO i s in Nebraska . Proc . Entomol .  Soc . • , i Torth Central 
Branch , 18 : 82 . 
48 
APPENDIX 
Table 1. Performance of insecticides applied to the soil for control of corn rootworms on corn. 
Hutchinson County , South Dakota .  1964. 
Granular Insecticide Rootworms Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
(%) (lb. )  (avg no . ) (avg lb . )  (%) (bu) 
Group 1. Registered materials and untreated check 
Diazinon 14 1.00 2. 70 215. 75 0 .. 2 23 . 00 
Compound 4072 8. 2 1.00 6.45 211.25 6. 5 20.08 
Parathion ( Niran) 10 1. 00 5.05 233 . 25 0. 4 20 . 19 
Phorate (Thimet ) 10 1. 00 5.9 5  218.75  1. 5 14 .01 
Untreated check 15 . 13 220.25 I · 7 . 6 19. 96 
Group 2. Unregistered materials 
Bayer 25141 10 . 50 9 . 9 5  202. 25 2. 2 19 . 75 
. 
Bayer 25141 10 .75  6.3 5  218. 50 0 .4 20 . 92 
Bayer 25141 10 1.00 7 .32 239 - 50 0. 5 24.81 
Bayer 37289 10 . 50 11.10 209.00 J . 2 23 . 68 
. Bayer 37289 10 1.00 4 . 80 227. 25 0. 2 28.22 
Ortho 53 53 10 . 50 4 . 66 215. 75 0. 8 11 . 66 
Ortho 53 53 10 1. 00 5 - 55 242. 75 0. 1 25.41 
SD 9098 10 . 50 4. 60 226. 00 0 . 4  25.87 
SD 9098 10 1.00 5.96 236. 75 0. 5 22. 57 
Group 3. Combination materials 
A
1
ldrin plus parathion 10 1.00 + 1.00 4 .05 276. 75 0.0 16 . 79 
Diazinon-fertilizer .45 9. 48 170 . 25 5. 4 17. 11 
Diazinon-fertilizer . 66 9 . 70 236 .00 1 .3  22 .93 
Table 1 continued. 
Granular Insecticide Rootworms 
Treatment formulation per acre per plant 
(%) (lb . ) (avg no. ) 
Group 4. Insecticide-herbicide materials 
Niran-CDAA 12 + 16 - 1 .00 6. 70 
Niran-CDAA 6 + 8 1.00 8. 53 
Niran-CP 31393 6 + 8 1.00 7. 50 
Pull Lodged 
per plant plant s 
(avg lb. ) (%) 
231.00 0.4 
236 . 25 0.2 
247. 50 0 . 5  
' 
Yield 
per acre (bu) 
13.13 
33. 43 
17 . 59 
\.Fl 
0 
Table 2. Performance of insecticides applied to the soil for control of corn rootworms on corn. 
Yankton County, South Dakota. 1964. 
Granular Insecticide Rootworms Pull Lodged Yield 
Treatment formulation per acre per plant per plant plants per acre 
(%) (lb. ) (avg no. ) (avg lb. ) (%) (bu) 
Group 1. Rer,istered materials and untreated check 
Diazinon 14 1.00 0. 60 281. 25 o .o 51.07 
Compound 4072 8. 2 1.00 0.05 327 . 25 0.0 5 5. 79 
Parathion ( !Jiran) 10 1.00 0.05 3 55. 25 0.0 44.03 
Phorate ( Thimet ) 10 1.00 0. 15 340.00 I 0.0 44 -34 
Untreated check 1.05  314. 75  o .o 41.41 
. Group 2. Unregistered. materials 
Bayer 25141 10 . 50 0.90 331 , 00 o . o  5 5. 14 
Rayer 25141 10 . 75 0.00 328. 25 o .o 41 .98 
Bayer 25141 10 1 :00 0. 25 306.25 o . o  62 . 28 
Bayer 37289 10 . 50 0. 80 307.00 o . o  54. 62 
Bayer 37289 10 1.00 0. 40 321. 25 o . o  37.08 
Ortho 53 53 10 . 50 0. 10 296. 00 o . o  64. 59 
Ortho 53 53 10 1.00 0. 15 297. 75 0.0 52. 86 
SD 9098 10 . 50 0.30 310. 75  o . o  38 . 19 
SD 9098 10 1. 00 0. 05 330. 00 o .o  50 .49 
Group 3. Combination materials 
· Aldrin plus parathion 10 1 . 00 + 1.00 0.05 3 58. 25 0.0 51 . 07 
Diazinon-fertilizer .45 0. 15 274. 50 o . o  5 5.09 
Diazinon-fertilizer . 66 0.05 329.00 0.0 40.14 
Table 2 continued. 
Granular Insecticide 
Treatment formulation per acre 
(%) (lb . ) 
Group 4. Insecticide-herbicide materials 
Niran-CDAA 12 + 16 1.00 
Niran-CDAA 6 + 8 1. 00 
Niran-CP 31393 6 + 8 1 . 00 Rootworms Pull per plant per plant (avg no. ) (avg lb. ) 0 . 20 323. 50 0 . 15 313 . 00 0 . 20 289. 75 Lodged plants (%) o .o o .o o .o Yield per acre (bu) 54. 67 52. 91 · 51 .90 
V'1 
l\) 
